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Indian Standard 

STATISTICAL MODELS FOR 
INDUSTRIAL APPLICATIONS 

PART I DISCRETE MODELS 
0. FOREWORD 

0.1 This Indian Standard ( Part I ) was adopted by the Indian Standards 
Institution on 12 September 1979, after the draft finalized by the Quality 
Control and Industrial Statistics Sectional Committee had been approved 
by the Executive Committee. 

0.2 Statistical models have been found to be of immense help in different 
industries. The behaviour of various characteristics in industrial proces- 
ses may often be well explained by many statistical distributions to which 
they can reasonably be approximated. For example, the number of 
defectives in the case of a manufactured item may follow the binomial 
distribution, whereas the number of defects per unit in a finished product 
may follow Poisson distribution. The theoretical distributions like bino- 
mial, Poisson and exponential may readily be used in many cases for 
studyini* the behaviour of various characteristics of manufacturing 
processes in the industry. 

0.3 To facilitate easy application, this standard on statistical models is 
being published in two parts. Whereas the discrete models are covered 
in this part, the continuous models would be considered in Part II. 

0.4 This standard is one of a series of Indian Standards pertaining to 
statistical quality control and acceptance sampling. Other standards 
published so far in the series are given on fourth cover page. 

0.5 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded 
off, it shall be done in accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard describes certain discrete statistical models, their 
potentiality and application in industries with suitable illustrations. 



•Rules for rounding off numerical values ( revised), 
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1.1.1 The models covered in this standard are those of binomial, 
multinomial, Poisson and hypcrgeometric. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall apply. 

2.1 Item — Ultimate unit of product or material on which inspection will 
be performed. 

2.2 Population — The totality of items under consideration. 

2.3 Characteristic — A property which helps to differentiate between the 
items of a given population. The differentiation may be either quantita- 
tive ( by variables ) or qualitative ( by attributes ). 

2.4 Relative Frequency — The ratio of the number of times a particular 
value ( or a value falling within a given class interval ) is observed to the 
total number of observations. 

2.5 Frequency Distribution — The relationship between tho values of 
a characteristic and their absolute or relative frequencies. The distribu- 
tion is often presented as a table with special groupings ( class intervals ) 
if the values are measured on a continuous scale. 

2.6 Arithmetic Mean { Average ) — Sum of the values of the obsci va- 
lions divided by the number of observations. 

2.7 Variance — A measure of dispersion based on the mean square 
deviation from the arithmetic mean. 

2.8 Sample — Group of items drawn from a lot for inspection. 

2.9 Sample Size— Number of items in the sample. 

2.10 Defective — An *item' the quality of which does not meet the 
specified requirements. 

2.11 Fraction Defective — The number of defective items divided by the 
total number of items. 

2.12 Percent Defective — The fraction defective multiplied by 100. 

2.13 Degrees of Freedom — The number of independent component 
values which arc necessary to determine a statistic. 

2.14 Goodness of Fit —A measure of the agreement between an obser- 
ved distribution and a theoretical distribution, specified a priori or fitted 
to the observations. 

2.15 Observed Value — The value of a characteristic determined as a 
result of an observation or test. 
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2.16 Null Hypothesis — The hypothesis ( or assumption ) of the equi- 
valence (or no difference) between the effects of method (s) so that the 
sample (s) emanates from the same lot. 

2.17 Level of Significance — The probability of rejecting the null 
hypothesis when it is true. Conventionally it is taken to be 5 percent or 
1 percent. 

2.18 Statistic — A function of observed values derived from the sample. 
3. GENERAL CONCEPTS 

3.1 The concept of probability is essential in understanding the statistical 
distributions or models. Probability is eflfectively the mathematical 
statement of chance. It may be either: 

a) * a priori ' consideration, or 

b) ' frequency consideration * or * empirical definition '. 

But before defining probability, it is necessary to become familiar 
with various terms used in the definition. 

3.1.1 Trial and Event — If an experiment repeated under identical 
conditions does not give unique results but diflcrent outcomes, then the 
experiment is known as a trial and the outcomes are known as events. 

3.1.2 Exhaustive Events — The total number of possible outcomes in any 
trial is known as exhaustive events. 

3.1.3 Mutually Exclusive Events — If an occurrence of any one of the 
events precludes the occurrence of all others, then the events are said to 
be mutually exclusive. 

3.1.4 Favourable Event — The number of cases favourable to an event 
in a trial is the number of outcomes which entail the happening of the 
event. 

3.1.5 Equally Likely Events — The outcomes of a trial are said to be 
equally likely, if taking into consideration all the relevant evidence, there 
is no reason to expect one in preference to other. 

3.1.6 Independent Events — Several events are said to be independent 
if the happening ( or non-happening) of an event is not affected by the 
supplementary knowledge concerning the occurrence of any number of 
remaining events. 
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3.2 Definitions of Probability 

3.2.1 * A Priori* Definition — * A priori ' definition is based on the prior 
information. For example, without tossing a coin it is known that there 
arc two possible outcomes of head or tail if the coin is tossed. Both these 
outcomes are mutually exclusive and exhaustive and equally likely. Only 
one case is favourable to appearance of either head or tail. Thus, if a 
trial results in n exhaustive, mutually exclusive and equally likely cases 
and out of which m cases arc favourable to an event £, then the probabi- 
lity of happening of JB denoted by P{E) or p where, 

3.2.2 Frequency or Empirical Definition — Suppose a trial is conducted 

JV times, out of which ni times an event E has occured. Therefore --^ 

is the proportion of times that the event has occurred. By repeating this 
experiment with large and larger values of JV, this proportion will stabi- 
lize to a certain value and this stabilized value is the probability of the 
event. 

re pfps il^i?^ number of occur ences of the event 

^ ' " Total number of trials 

then the limit of P(£) as N->co is the probability *^' of the event, 
obviously F(£) lies between and 1, 

jP(£) » 1 means that the event is a certainity and P{E) = means the 
event is impossible. 

3.3 Laws of Probability — The two laws of probability are: 

a) additive ( or total probability ) law, 

b) multiplicative ( or compound probability ) law. 

3.3.1 Additive Law — If an event E occurs when any one of the set of 
mutually exclusive events £i, Et, Ej^ happens then the probabi- 
lity of P{E) is given by: 

P{E) - P(E{) + ?(£,) + + ?(£k) 

This is known as the additive or total probability law, 

3.3.2 Multiplicative Law •— This law governs the joint occurrence of 
events. Let us take one event E to be the joint occurrence of events £i, 
^2% ^K. Now joint occurrence of these events can be either 

a) independent, or 
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occurrence 



b) otherwise; as Ei occurs, E^ occurs depending on the occurrenc 
of £i, Eg occurs depending on the occurrences of Ei and £2 •• . 
lastly Ek occurs depending on the occurrences of Ej, E^.... 

Thus mathematically, this law states that: 

i) P{E) = P{Ei) P{E^) ?(J?k) for independent events, and 

li) P{E) - P{E^)P{E,|E,) P{E,IE^E,) P{E^IE,E, E^^,) 

Where P(E2lEi) means the conditional probability £"2 after £1 
has occurred and so on. 

3^4 Example — Let the supplies of 5 000 and 3 000 components received 
from two firms X and T have the following break-up of quality: 



Number of Components Total 

-Aw , 



Supplied By 


Supplied By 

r 




140 

400 

4 460 


60 

150 

2 790 


200 

550 

7 250 


5 000 


3 000 


8 000 



Having a major defect 
Having a minor defect 
Having no defects 

Total 

The probability of getting a component with a major defect from the 
entire supply = -q-qoo" "=" ^'^25. 

Knowing that the component is supplied by X, the conditional probabi- 
lity of getting a component with major defect « -Jqoo "^ 0-028. 
Knowing that the component is supplied by Y, the conditional probabi- 
lity of getting a component with major defect « yoOO "^ ^'^^O. 

Hence the probability of getting a component with major defect from the 
entire supply — ( probability of getting a component from X ) X 
( conditional probability of it having a major defect ) + ( probability of 
getting a component from T ) X ( conditional probability of it having a 
major defect ) 
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« 0*625 X 0-028 + 0-375 X 0020 
ca 0017 5 + 0-007 5 
= 0-025 

3.5 Example — Three lots of manufactured items contain 2, 5 and 3 per- 
cent of defectives respectively. One item is selected from each of the lot. 
What is the probability that selected items show 2 defectives and I non- 
defectivc ? 

The above example demonstrates the application of both the laws 
of probability. Denoting defectives by B { bad item ) and non-defectives 
by G ( good item ), it can be seen that 2 defectives and one non-dcfcctivc 
can come from: 

Case I Case II Case III 

Lot 1 B B G 

Lot 2 B G B 

Lot 3 G B B 

The probability for case I is the probability for joint occurrence of B, 
from Lot 1, B from Lot 2 and G from Lot 3 ( multiplicative law ) and 
similarly for cases II and III. 

Now the probability of obtaining a defective B from Lot 1 is 
Pi(B) = 0-02 

and probability of non-defective from Lot 1 is 
Pi(G) = 0-98 

Similarly P^iB) = 0-05, Pi(G) « 0-95 for Lot 2 
and Ps{B) -= 0*03, P^iG) ^ 0-97 for Lot 3 

Thus probability for cases I, II and III are: 

Case I — P^(B) P^{B) P^{G) = 0*02 x 0-05 x 0-97 = 000 97 

Case II — Pi(B) P^{G) P^{B) « 0-02 X 0-95 X 0-03 = 0-000 57 

Case III — ?i(G) P^[B) P^{B) « 0-98 X 0-05 x 0-03 « O-OOl 47 

Since the event of appearance of 2 defectives and 1 non-dcfcctivc 
is possible when any one of the three cases happens, the probability of 
the event will be the sum of the probabilities for cases I, II and III. 

Thus the probability of obtaining 2 defectives and 1 non-dcfcctivc 
is: 

0-000 97 + 0-000 57 + 0*001 47 = 0-003 01 

8 
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This probability is quite small. Hence, occurrence of such an event 
is very rare. Even from common sense it is evident that the possibility of 
getting 2 defectives out of 3 samples drawn from 3 different lots, each 
having very few defectives is quite remote. 

i. PROBABILITY DISTRIBUTIONS 

4.1 Suppose a sample of n items is drawn from a lot of manufactured 
items and the number of defectives in the sample are noted. The defec- 
tives in the sample can be from to n. If JV sets of such samples arc 

taken then we get frequency of samples having 0, 1, 2 n defectives. 

Let I denote the number of defectives in the sample and fi the frequency 
of the samples having i defectives. It is then possible to prepare the 
following table: 



TABLE I THE FREQUENCY OF DEFECTIVES 

Rklative Frequency Paobability 

(3) (4) 

fol^ Po 

fil^ Pi 

hlN p^ 



i 


A 


(1) 


(2) 





/o 


1 


A 


2 


ft 



/n 



/n/.V 



Pn 



Total 



2/i=;/ 






Ipi = 1 



4.2 The third column gives the relative frequency of samples having 0, 

1, 2 n defectives. By the frequency definition of probability, 

these relative frequencies can be taken as the probabilities poi Pu />„ 

of ;ifi taking 0, 1, 2 n values. 

4.2.1 Thus, in general if x takes values atj, x^ x^ with probabili- 
ties j&i,/>2 pn, the assembly of jf»'s with probabilities /^i constitute the 

probability distribution of the variable x. Since x takes only discrete 
values, the probability distiibution is a discrete one. Any variable which 
takes different values with different probabilities is called a random or 
stochastic variable. 
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4.2.2 Since x takes all possible values with one or other probability pi 
obviously 2pj = 1. 

4.3 Mean and Variance of Probability Distribution —Just like the 
frequency distribution we can calculate the mean and variance of a 
probability distribution. The mean of the probability distribution is 
called the expected value of the variable x and denoted by E{x). The 
variance of the probability distribution is denoted by V{x), 



4.3.1 If X takes values ^i, X2, Xn with probabilities ^1, p^, 

then: 

E{x)^ S/i^i 
i= 1 



andP^W = .2_ ^1 [*i ~^W J 



5. BINOMIAL MODEL 

5.1 Consider the case of a production line inspection system in which 
items are inspected. Each inspection can have only two outcomes, 
whether the item is defective { B ) or non-defective { G ), The probabi- 
lity of getting a defective item is assumed to be constant, say /;. Naturally 
the probability of a non-defective item is ^ = ( 1 — /> ) by the law of pro- 
bability. Let us now take a sample of 3 items for inspection. The number 
of defectives say r in the sample can be 0, 1, 2 or 3. They can occur in 
several ways in the sample and are shown below along with their pro- 
babilities: 



JVb. of Defectives, r 



Sample 



Probability 





f— 
1st item 


2nd item 


1 

3rd item 







G 


G 


G 


?» 


1 


G 
G 
B 


G 
B 
G 


B 1 
G ► 
G 


2q*p 


2 


G 
B 
B 


B 
G 
B 


B ^ 

^ \ 
J 


5gp* 


3 


B 


B 


B 


P' 
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5.1.1 Obviously total probability ( ^3 + 3q^p + 3qp^ + p^) =- {q+P)^ 
= 1 and the probabilities for r = 0, 1,2 and 3 are the terms of the 
binomial expansion of { q -\- p )^, Accordingly for sample of size «, the 
probabilities for r = 0, 1, 2... . n are the terms of the expansion { q + P )^ 

that is^*»,( " )(7**'^A { 2 ) ^'*"'^/^S { « J/^'* respectively. 

5.1.2 In general, the probability of r defectives and {n ~ r) non- 
defectives isf'^jp' q^"' = — I [n^r) f ^'^''"' 



and 2 f M /'//'»-•' =1 



Thus when n independent trials are conducted, each trial resulting in only 
two outcomes and the probability of success in each trial remaining cons- 
tant, the probability distribution of number of success is said to follow 
binomial law. In the example considered above the distribution of r in 
a sample of n pieces which can be taken as equivalent to n independent 
trials follows binomial law. 

5.2 Cumulative Probability for Binomial Model 

5.2.1 In binomial model, the probability of r defectives and ( « — r ) 
non-defectives is given by: 



{') 



prqn 



Hence, the cumulative probability of having 0, I, 2... . up to x 
defectives is given by the expression: 

Varying x from to n, one can get different cumulative probabilities. 

For obtaining the individual and cumulative probabilities of bino- 
mial distribution a reference is invited to Appendix A and B respectively, 

5.2.2 Example — A welded pipeline has a mean of five welds every 
100 metres. The probability of a weld being defective is 05. What are 
the probabilities that: 

a) no welds ( per 100 m ) are defective, 

b) less than two ( per 100 m ) are defective, and 

c) at least four ( per 100 m ) will pass inspection. 

11 
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Here the probability of a defective weld = 0*05 
and probability of a non-defective weld = 0*95 

a) Probability that no welds arc defective = ( 0*95 )s 

= 0-77 

b) Probability of less than 2 defectives « probability ( no defective ) 

+ probability ( 1 defective ) 

«= ( 95 )5 + 5( 0-95 y ( 005) = 098 

c) Probability ( at least 4 passes ) = probability ( no defective ) 

+ probability ( I defective ) 

= same as (b) == 0*98 

5.2.3 Example — The probability of a single article being defective in 
a production process is 0-02. A sample of 10 is taken every time for 
inspection. At most how many defectives should be allowed if it is 
desired that 98 percent of the samples should be passed by inspection ? 

Here/> = 0*02 and « — 10 

Assuming that at most x defectives may be allowed, the probability 
of a: defectives should be equal to 0*98, that is, 



sf ^° V 0-02 y ( 0-98 )io-' = 0-98 
r = oV ^ J 



where r is the number of defectives. 

From the Appendix B wc g;et the value of a: = 1 corresponding to 
p ^ 0*02 and n «- 10. Thus at most 1 defective can be allowed. 

5.3 Mean and Variance 

n 
Mean « E{r) = S r ( n \p'q^-^ = np 
r = \r ) 

n 
Variance « £ [ r - E{r) ]« = 2 ( r-np y ( n ^PY'^' 

r - \r J 

ass npq 
Standard deviation » y' ^^ 

5.3.1 Example — From a process producing 10 percent defectives, 30 
components are selected at random. What is the expected number of 
defectives and the standard deviation ? 

Expected number of defectives == 30 x -TTrg- = 3 

12 
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Standard deviation = k / 30 x 11 — 

V ^ 100 V 



10 
100 



n/ 



30 X 



10 X 90 



100 X 100 



= 1-64 



5.4 Fitting of Binomial Model — It has been mentioned in 4.1 that 
relative frequencies for various values of the variatc from the observed 
data can be taken as the probabilities of the variate taking these values. 
Thus for fitting a binomial model to a set of data, it is necessary to 
calculate the theoretical frequencies corresponding to the observed 
frequencies. The theoretical frequencies are calculated on the basis of the 
binomial distribution fitted to the data. The following example will 
clearly show the different steps in fitting the binomial model. 

5.4.1 Example — The distribution of 50 samples of 100 items each 
according to number of defective items observed is given below: 

JVo. nf Defective Items No. of Samples 

(r) ( frequency f) 

8 

1 12 

2 13 

3 9 

4 7 

5 

6 1 

7 

'50 

Fit a binomial model to the above data. From the data, mean 
number of defectives per sample 

(0x8 + 1 X 12 + 2x13 + 7x0) 

"" 50 

» 198 

and therefore proportion of defectives in sample b= 1-98/100 «= 0-0198 JS 
0*02 as the sample size is 100. 
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Taking this proportion of 02 as the probability of a defective the 
binomial model can be set up. Thus the probability of r defectives and 
( n — r ) nondefectives in a sample of 100 is given by: 

f ^J^^) (0-02)' ( 0-98 )ioo-r« pi^r) 

Putting r = 0, 1, 2 the probabilitcs P(0),P(1), P{2) , that is, the 

probabilities of 0, 1, 2 defectives in the sample are obtained. 

Multiplying these probabilities by 50 we obtain the expected number of 
samples having 0, 1, 2 defectives as follows: 

TABLE 2 OBSERVED AND EXPECTED FREQUENCIES OF SAMPLES 

Number op Defective Number or Samples 

Items ( r ) t ^ n 

Observed Expected 

(1) (2) (3) 

8 6-6 

1 12 13-5 

2 13 13-7 

3 9 91 

4 7 T 4-5 1 

5 • 1-8 • 



7 J 0-2 J 



6 If 0-6 , 



Total 50 50 



5»5 Goodness of Fit From X^ - Test — After calculating the expected 
frequencies for different number of defectives, their closeness to the obser- 
ved frequencies are tested with the help of 

X* = 2 '— -~^~ -i- after pooling the adjacent classes, 

so as to make the expected frequency of each class at least 5. For the 
example given in 5,4.1 the calculated value of X* which is 0-61 is much 
less than 7*82, the tabulated value of X^* for 3 ■= ( 5 - 1 — 1 ) degrees 
of freedom, at the 5% level of significance. Hence it is concluded that 
binomial is a good fit to the data. 

5.6 The binomial model discussed earlier may be approximated by a 
suitable normal modelf . If n and p arc parameters of the binomial 



♦S'^^fAppendix A of IS : 6200 ( Part II )-1977 * Statistical test of significance, Part II 
xa - test ( first revision ) \ 

^See Clause 9 of IS : 7200 ( Part I )-1974 ' Presentation of statistical data: Part I 
Tabulation and summarization '. 
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model, this can be approximated by a normal model with mean = np and 
standard deviation = v/ nfC^ -p ) and the probability of getting Xi 
successes in n trails is approximated by 

x^ + ^ Xi—_np+ i 

J Xj-n p —i \ N{0,\)dx 

V^{i—P) 1 

Note — For ;ri = 0, the integration is from — 00 to J whereas for xi = n 
the integration is from n— i to 00. 

6. MULTINOMIAL MODEL 

6.1 The multinomial model is a generalisation of binomial model. This 
model refers to n independent trials of an identical random process in 
which there are k possible outcomes, unlike binomial model where only 
two outcomes are possible. 

k 

6.2 Let/^ibc the probability of ith outcome. Thus 2 />i = 1. Also 

f « I 
let Xi be the numbers of trials in which ith outcome has occurred. 
Obviously 2 x^ = «. The multinomial law gives the probability of a 
particular set of values of the atj regardless of the order in which the 
various outcomes occur. Thus the model can be represented in the follow- 
ing tabular form: 

Possible Frequency of Probability 

Outcomes Occurrences 

1 xi Pi 

2 Afa p^ 



k x^ p^ 

Total n 1 



The probability function for this law is thus defined as: 

n ! 
= i i i pi ^1 , Pv ^k 

^1 1 i^a ! Afk ! 
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The probabilities of different combinations of outcomes from n inde- 
pendent trials are given by the various terms in tlie expansion of 
the multinomial {pi + p2 +j&k )" 

6.2.1 This distribution is useful in industry when different grades of a 
product have to be judged. 

6.3 Mean and Variance — The mean and variance of the ith possible 
outcome are obtained as: 

F ( *l ) = np^qi 



Standard deviation = \/ npi qi 

6.4 Example — The item produced by a production process is classified 
as overweight, acceptable and underweight, the probabilities for which are 
02, 0-7, and 01 respectively. In a sequence of 10 independent trials 
calculate the probability of 1 overweight item, 6 acceptable items and 
3 under weight items. 

By applying the multinomial law wc get the required probability as 

116! 3! (0'2)MQ'7)M0-1P 
= 002 

7. POISSON MODEL 

7.1 Calculations based on binomial distribution are sometimes very labo- 
rious specially when the number of terms involved are many and number 
of items, n is very large. A simple approximation may be obtained to 
any term of binomial and this approximation is called Poisson exponential 
binomial limit or briefly Poisson law or Poisson model. The larger the 
value of n and smaller the value of p, the more close is the Poisson 
approximation. Thus when n tends to infinity ( very large ) and p is very 
small but np is finite and constant, one can use the Poisson model. 

The probability function of Poisson model can be written as: 



r I 



-,0 <r< CO 



where m is the mean or expected number of successes ( defectives ) 
and r is the number of successes. The probabilities of success, 1 success, 
2 successes etc are given by: 
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Again 

r = 

7.1.1 Cumulative Probability for Poisson Model — In 7.1 it has been 
shown that the probability of having r successes for Poisson model is 

e"^ — p. The cumulative probability of having 0, 1, 2 up to a: 

successes ( defectives ) is therefore: 

S ' r! 
r« 

X varying from to oo, one can get different cumulative probabilities. 
For individual terms of Poisson and cumulative terms a reference is invited 
to Appendices C and D respectively. 

7.1.2 Example — In a certain factory turning out razor blades, there is 
a small chance of ()'002 for any blade to be defective. The blades are 
supplied in packets of 10. Use Poisson model to calculate the approxi- 
mate number of packets containing no defective, one defective, two defec- 
tives and at least two defectives respectively in a consignment of 10 000 
packets. 

The mean number of defective blades per packet: 
= 10 X 0*002 = 0-02 

Poisson model for r defectives in this case will be: 

r !' 
With the help of Appendix C, it is obtained that 

probability of no defective blade = — ^/^^ ^ = 0-080 2 
probability of one defective blade = ^:l^^i^^VL ^ 0-019 6 

ij-O 02/0-09 \i 

probability of 2 defective blades = ' or"' r^ 000 2 

17 
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probability of at least 2 defective blades = Probability of 2 defective 

+ Probability of 

3 defectives + 

= 1 — Probability of no 
defective •— 
Probability of 1 defective 
= 1 - 0-980 2 — 0-019 6 
= 1 - 0-999 8 = 0-000 2 



Thus number of packets having: 




i) no defective 


= 0-980 2 X 10 000 = 9 802 


ii) one defective 


= 0-019 6 X 10 000 = 196 


iii) tv/o defectives 


= 0-000 2 X 10 000= 2 


iv) at least two defectives 


= 0-000 2 X 10 000 =. 2 



7.1.3 Example — Find the probabilty that at most 5 defective fuses will 
be found in a box of 200 fuses if experience shows that 2 percent of such 
fuses are defective. 

Here mean m = 200 x 002 = 4 

^ -4 _A^ - 
The required probabilty = v ^ ~T \ 

r =0 
= 0-785 

7.2 Mean and Variance — It has been shown ( see 7.1 ) that m in the 
Poisson model is the mean of the distribution. 

^ m' 

Thus mean « 2 r f* — ;— = m 

r = ''' 

and variance = 2 {r — my e"^ — p- = m. 

r = ^ ' 

Standard deviation = V^~ 

for Poisson model, the mean and variance are the same. 

7.3 Fitting a Poisson Model— It has already been shown (see 7.2) 
that the property of Poisson distribution is that its mean and variance are 
same. Thus it is necessary to examine the mean and variance of the 
experimental data before fitting a Poisson model to it. If they vary 
widely Poisson model will not be a proper fit. In case the difference 
between mean and variance is of small order, this model should be tried 
and a proper goodness of fit test be carried out. 
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7.3.1 Example — The following data gives the number of defective 
screws in a box of 100 screws for -100 boxes: 

No. of defective 
screws per box 
of lOOscrews(r) 01 23 4 56789 10 Total 

No. of boxes 103 143 1)8 42 8 4 2 40o" 

Fit a Poisson model and carry out the goodness of fit. 

Firstly calculate: 

Mean = 1-32 

and Variance = 1*30 

Since mean and variance are approximately same, a Poisson model 
can be fitted. The expected frequencies are calculated from the 
expression: 

r ! 

by putting r ^ 0, 1, 2, 10. These are 

107, 141,93,41, 13,4, 1,0,0, 0,0 
The various steps in the goodness of fit test are shown in Table 3. 

TABLE 3 COMPUTATION OF GOODNESS OF FIT — x- TEST 

No. OF Defkotivk Obskrvki) KxPix'TED 0-^E {0-Eji (0-£)a£ 

Screws per B()x(r) FKii.guKNCY(()) Freqdency(E) 



(1) 




(2) 


(3) 


(4) 


(5) 


(G) 







103 


107 


-4 


U) 


0-15 


1 




143 


141 


2 


4 


003 


2 




98 


93 


5 


25 


0-27 


3 




42 


41 


I 


1 


002 


4 




8 


13 


5 


25 


1-92 


5 
G 




4 T 

2 


4 T 

1 








7 
8 




Sm 


I 5 

r ^ 


1 


1 


0-20 


9 








^ 








10 




J 










Total 


400 


400 






2-59 



Since there are 6 classes after pooling and two constraints, one for 
the total frequency and the other for the mean, the available degrees of 
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freedom ( df ) = 4. The tabular value* of X^ for 4 df at 5 percent level == 
9-49. Since the value of X^, calculated as 2*59 is less than the tabulated 
value, the fit is taken as a good one. 

8. HYPERGEOMETRIC MODEL 

8.1 In the binomial model, the probability of getting a defective piece 
p is assumed to be constant. The model is still vaUd even it\p is fairly 
constant. Thus while selecting 100 items from a lot of say 800 items, the 
probability from one selection to the next is only approximately constant 
unless the sampling with replacement is done, that is, each item after 
selection is put back in the lot before the next item is selected. If there 
arc 16 defectives in the lot then the probability of a good item on the first 
selection is 784/800 = 0-98. If the first one is good, the probability of a 
good item on the second drawing is 783/799 or if the first item is defective, 
the probability of getting a good item in the second draw is 784/799. 
Both of them are quite close to 0*98. Thus working on the assumption of 
binomial model is fairly justified. In fact binomial model is truly correct 
when the lot size is infinite but it still gives useful approximations when the 
lot size is 8 to 10 times larger than the sample size. But when the lot size 
is small, it is more justified to use the hypergeomctric model which states 
that if there are D defectives in a lot of N items then the probability of 
getting exactly r defectives in a sample of size n is given by: 



(^i?)(f) 

Ph) = -i^ -f-^ — L 



8.1.1 Actually hypergeomctric model is the case of sampling from finite 
population whereas binomial is the case of sampling from infinite popula- 
tion. Hypergcometric models arc useful in the calculation of exact 
probabilities when lot sizes are small and the sample size forms a substan- 
tial proportion of the lot size. It is also needed when sampling is done 
without replacement. Direct calculation of the above probability is very 
laborious. If the lot size does not exceed 100, the tables of logarithms of 
factorials given in Appendix E may be utilized. 

8.1.2 Example — In a lot of size 80 with 7 defectives a sample of size 
20 is drawn. Calculate the probability that the sample contains 

a) no defective, 

b) one defective, and 



^See Appendix A of IS : 6200 ( Part II )-l977 * St Uislical test of significance: Part II 
x« — test( first reoisicn ). * 



• te%t{ first revisicn ) 
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c) two defectives. 

Here JV = 80, D = 7, n = 20 



Thus P(0) ( the probability of getting defectives ) is given by: 
(20) (0) 73 ! 20 ! 60 ! 



^(°) - / nn \ "■ 20 I 53 ! 80 ! 



log P(0) -= - 0-915 1 
P(0) = 01216 

(") (I) 

Similarly P(l) = ^^ -~—^- = 0'315 2 

mill 

and P(2) = ^ .^QQ^ ^ = 0-326 7 
(20) 

8.1.3 A shipmeat of 100 television picture tubes contains five 
defectives. If three tubes are randomly selected and given to a customer, 
find the probability that he will get (a) exactly one defective tube, (b) 
two defective tubes, and (c) all the three defective tubes. 

Here JV » 100, n « 3 and Z) = 5. 
The probability of exactly one defective is: 

P(l) „ J^ i_V — L 

=. 0-138 07 

Similarly probability of getting exactly 2 defective tubes is: 
/95\ /5\ 

i*(2) = \ \qq^ ■ - 0005 88 
( 3; 
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and the probability of getting all the 3 defective tubes is: 

/»(3) - ^ V \^ ■= 0000 06 

{'»§) 

8.2 Mean and Variance 

Mean E{r) mm ^ D = np where P = -jt- and q ^(l |w-) 

Variance F(r) = -^{ i __j_)-^^^_^ = npq -j^^ 
and Standard deviation = V^^-f »'';^( ^ — ^) ^ElT'^ 

/ ^ JV— B 



JV— 1 

8.2.1 Example — From a lot of 200 components containing 16 defectives, 
a sample of size 25 is chosen. Find the expected number of defectives in 
the sample as also the standard deviation. 

25 
Expected No. of defectives = -k-^tt- X 16 = 2 



Standard deviation = ^ 25 (-2^)( 1 — gg-) X 



200 — 25 
200— I 



V 



25 X 16 X 184 X 175 
200 X 200 X 199 

= 1-27 
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APPENDIX A 

(C/«521) 

BINOMIAL DISTRIBUTION INDIVIDUAL TERMS 

Iorii=2to20iii(l;-001(001)10,(005)50 



(;)Ml-f)«- 



001 002 003 004 005 006 00? 008 009 010 015 0'20 025 030 035 040 045 050 



09801 09604 09409 09216 09025 08836 08649 08464 08281 081 01223 06400 05625 041 04225 03600 030^5 0^500 

1 00198 00392 00582 00768 009o0 01128 01302 01472 01638 01800 02550 03200 03750 01200 04550 04«00 049d0 05000 

2 00001 00004 00009 00016 00025 00036 00049 00064 00081 00100 00225 00100 00625 UM 01225 01600 02023 02500 

09703 09412 09127 08847 08574 08306 08044 07787 07536 07290 06141 05120 04219 03130 02746 02160 01664 01250 

1 00294 00576 00847 01105 01351 01590 01816 02031 02236 02430 03251 03840 04219 01410 04436 04320 040^4 03750 

2 00003 00012 00026 00016 00071 00102 00137 00177 00221 00270 00574 00960 01406 01390 02389 02380 033H 03750 

3 00001 00002 00002 00003 OOOOj 00007 00010 00034 00080 00156 00270 00129 00540 00911 01250 

09606 09224 08853 08493 08145 07807 07481 07164 06857 00561 05^20 04O95 03164 02101 01785 01296 00915 00625 

1 00388 00753 010^5 01415 01715 01993 02252 02492 02713 02916 0368j 04096 04219 04ilb 01845 0345b 02'193 0^500 

2 0000b 00023 00051 00088 00135 00191 00254 00325 00402 00486 00975 01536 02109 02616 03105 03456 03675 03750 

3 00001 00002 00005 00008 00013 00019 00027 00036 00115 00256 00469 00726 01115 01536 02005 02500 

4 00001 00001 00005 00016 00039 00081 00150 00256 00410 00625 

09510 09039 08587 08154 07718 07339 06957 06591 06240 05905 04437 03277 02373 01681 01160 00778 00503 00312 

1 00480 00922 01328 01699 02036 02142 02618 02866 03086 03280 03915 04036 03955 03602 03124 02592 02059 01562 

2 00010 00038 00082 00142 00214 00299 00394 00498 00610 00729 01382 02048 02637 03087 03364 03456 03369 03125 

3 00001 00003 00006 00011 00019 00030 00043 OOObO 00081 00244 00512 00879 01323 01811 02304 02757 03125 

4 00001 00001 00002 00003 00001 00022 00064 00146 00^84 00488 00768 01128 01562 

5 00001 00003 00010 00024 00053 00102 00185 00312 

09415 08858 08330 07828 07351 06399 06470 06064 05679 05314 03771 02621 01780 01176 00754 00467 00277 00156 

1 00571 01085 01546 01957 02321 02642 02922 03164 03370 03543 03993 03932 03560 03023 02437 01866 01359 00^38 

2 00014 00055 00120 00204 00105 00422 00550 00688 00833 00984 01762 02458 02966 03241 03280 03110 02780 02344 

3 00002 00005 00011 00021 00036 00055 00080 00110 00116 00415 00819 01318 01852 02355 02765 03032 03125 

4 00001 00002 00003 00005 00008 00012 OOOiS 00154 00330 00j95 00951 01382 01861 02341 

5 00001 00004 00015 00044 00102 00205 00369 00609 00938 

6 00001 00002 00007 00018 00041 00083 00156 
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BINOMIAL DISTRIBUTION INDIVIDUAL TERMS - m 



d 001 002 003 004 005 006 007 008 009 010 015 020 025 030 035 040 045 050 



0932! 08681 08080 07514 06983 06485 06017 05578 05168 04783 03206 02097 01335 00821 00190 00280 001^2 00078 

1 00659 0124D 01749 02192 02573 02897 03170 0339() 03578 03720 03960 03()7fl (13115 02171 01813 01306 00872 00i47 

2 00020 00076 OOlbi 00274 00106 00555 00716 00886 01061 01240 02097 027^1 031h OJ177 0298o 02C13 02140 01641 

3 00003 00008 00019 00036 00059 00090 00128 00175 00230 00617 01147 01730 02i()9 02b79 02903 02918 02734 

4 00001 00002 00004 00007 00011 00017 00)26 00109 00287 00577 00972 01442 01935 02388 02734 

5 00001 00001 00002 00012 00043 00115 00250 0046b 00774 01172 01641 

6 00001 00004 00013 00036 00081 00172 00320 00547 

7 00001 00002 00006 00016 00037 00078 

09227 08508 07837 07214 06634 06096 05596 05132 04703 04305 02725 01678 01001 00576 00319 00168 00084 00039 

1 00746 01389 01939 02405 02793 03113 03370 03570 03721 03826 03847 03155 02670 01977 01373 00lj% 00548 00312 

2 00026 00099 00210 00351 00515 00695 00888 01087 01288 01488 0237b Oi9ib 03115 02965 02)87 02090 01569 01091 

3 00001 00004 00013 00029 0'0054 00089 00134 00189 00255 00331 00839 01468 0207b 02dI1 02786 02787 02368 02188 

4 00001 00002 00004 00007 00013 00021 OOO31 00046 00185 00459 00865 Olibl 01875 02322 02627 02/34 

5 00001 O'OOOl 00002 00004 00026 00092 00211 00167 00808 01239 01719 02188 

6 00002 00011 00038 00100 00217 00413 00703 01094 

7 00001 00004 00012 00013 00079 00164 00312 

8 00001 00002 00007 00017 00039 

09135 08337 07602 06925 06302 05730 05204 04722 04279 03874 02316 01342 00731 00104 00207 00101 00016 00020 

1 00830 01531 02116 02597 02985 03292 03525 03695 03809 03874 03679 0J020 022^3 015^)6 01001 00605 00339 00176 

2 00034 00125 00262 00133 00629 00840 01061 01285 01507 01722 02597 03020 03003 bbll VW 01612 OHIO 00703 

3 00001 00006 00019 00012 00077 00125 00186 00261 0348 00446 010b9 017b2 OiJiO 02688 02716 OlM 02119 01641 

4 00001 00003 00006 00012 0-0021 00034 00052 00074 00283 00661 01168 01715 02191 02^08 02b00 024bl 

5 00001 00002 00003 00005 00008 00050 OOI61 00389 

6 00001 00006 00028 00087 

7 00003 00012 

8 00001 
9 

09044 08171 07374 06648 05987 05386 04840 04344 03894 03487 01969 01074 00563 

1 00914 01667 02281 02770 03151 03438 03643 03777 03851 0-3874 03474 02684 01877 

2 00042 00153 00317 00519 00746 00988 01234 01478 01714 01937 02759 03020 02816 

3 00001 00008 00026 00058 00105 00168 00248 00343 00452 00)74 01298 02013 02503 

4 00001 00004 00010 00019 00033 00052 00078 00112 00401 00881 01460 

5 00001 00001 00003 00005 00009 00015 00085 00264 00581 

6 00001 00001 00012 00055 001h2 

7 00001 00008 00031 

8 00001 00004 
9 
10 
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00039 
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00439 


00001 


00005 


00016 


00042 


00098 






00001 


00003 


00010 



{Contmti) 



IS:9300(PartI)-1979 















BINOMIAL DISTRIBUTION : INDIVIDUAL TERMS - 


Conii 














n 


^ 


001 


002 


003 


004 


,005 


006 


007 


008 


009 


010 


013 


020 


025 


030 


035 


040 


045 


OjO 


11 





08%3 


08007 


07153 


06382 


05688 


05063 
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03996 


03544 


03138 


01673 


00859 


00422 


00198 


00088 


00036 
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00005 




1 
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0179a 


0243) 


29i5 
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0i535 


03727 


03823 
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00098 


00173 


00272 


0-0393 


00)32 


00686 


00852 


01720 


02362 


02581 


2397 


01954 


m 


0092) 


005)7 




4 




00001 


00003 


00009 


00021 


00039 


00067 


00104 


00153 


00213 


00683 


01329 


01936 


OiiU 


2367 


2128 


01700 


01200 




5 








00001 


00002 


00004 


00008 


00014 


00024 


00038 


00193 


00532 


01032 


01585 


im 


2 '70 


0222J 


01934 




fi 














00001 


00001 


0003 


00005 


00040 


0155 


00401 


00792 


01281 


01766 


02124 


2256 
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00001 


00006 


00033 


00115 


00291 


00591 


OlOOJ 


01489 


1934 
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00001 


00005 


00024 


00078 


00199 


00420 


00762 


1200 
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00004 


00015 


00048 


00125 


00277 


005J7 




10 




























OOOOi 


00008 


0002D 


00068 


001(5 




11 






























00001 


00003 


0(010 


00029 




12 


































00001 


00002 


13 





08775 


07690 


06730 


05882 


05133 


04474 


03893 


03383 


02935 


vm 


01209 


00550 


00238 


00097 


00037 


00013 


00004 


00001 




1 


01152 


02040 


02m 


3186 


3512 


3712 


03809 


03824 


3773 


31)72 


02774 


01787 


01029 


00j40 


02i9 


00113 


00045 


00016 




2 


00070 


002^0 


00502 


00797 


01109 


0U22 


01720 


01995 


02239 


02448 


02937 


2680 


0^059 


01)88 


0083b 


00153 


00220 


00093 




3 


00003 


00019 


00057 


00122 


00214 


00333 


00475 


0636 


00812 


00997 


01900 


2)57 


2517 


o'lei 


Ibil 


01107 


00b60 


00349 




4 




00001 


00004 


ooon 


00028 


00053 


00089 


001J8 


00201 


00277 


00838 


01535 


02097 


2337 


2222 


1845 


013oO 


00872 




5 








00001 


00003 


00006 


00012 


0022 


000)6 


00055 


0266 


00691 


01258 


01803 


02154 


0^2U 


01989 


01)71 




6 












00001 


00001 


00003 


00005 


OPS 


00063 


00230 


00559 


01030 


01516 


0l9f8 


02169 


02095 




7 




















00001 


00011 


00058 


00186 


00M9 


0083) 


01312 


01775 


02095 




8 






















00001 


00011 


00047 


00142 


00)36 


00056 


01009 


01571 




9 
























00001 


00009 


00034 


00101 


00243 


00495 


00873 




10 


























00001 


00006 


00022 


00065 


00162 


00349 




11 




























00001 


00003 


00012 


00036 


00095 




12 
































00001 


00005 


00016 




13 




































00001 


14 





08687 


07536 


06528 


5647 


04877 


04205 


03620 


03112 


02670 


02288 


01028 


00440 


00178 


00068 


00024 


00008 


00002 


OOOOI 




1 


01229 


02153 


02827 


03294 


03593 


03758 


03815 


03788 


3698 


03559 


02539 


01539 


00832 


00407 


00181 


00073 


00027 


00009 




2 


00081 


00286 


00568 


00892 


01229 


01559 


01867 


2141 


02377 


02570 


02912 


2501 


01802 


01134 


00634 


00317 


00141 


00056 




3 


00003 


00023 


00070 


0149 


00259 


00398 


00562 


00745 


00940 


01142 


02056 


02501 


02402 


01943 


1366 


00845 


00462 


00222 




4 




00001 


00006 


00017 


00037 


00070 


0116 


00178 


0025b 


00349 


00998 


01720 


02202 


02290 


02022 


01549 


01040 


00611 




5 








00001 


00004 


00009 


00018 


00031 


00051 


00078 


00352 


00860 


01468 


01963 


02178 


02066 


01701 


01222 




6 












00001 


00002 


00004 


00008 


00013 


00093 


00322 


00734 


01262 


01759 


2066 


2088 


018)3 




7 


















00001 


00002 


00019 


00092 


00280 


0618 


01082 


01574 


1952 


02045 




8 






















00003 


00020 


00082 


00232 


00510 


00918 


01398 


018)3 




9 
























00003 


00018 


00066 


00183 


00408 


007b2 


01222 




10 


























00003 


00014 


00049 


00136 


00312 


OObll 




11 




























00002 


00010 


000)3 


00093 


00222 




12 






























00001 


00005 


00019 


00056 




13 
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00002 


00009 




14 
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BINOMIAL DISTRIBUTION t INDIVIDUAL TERMS - 


-W 














« 


V 


001 


002 


003 


004 


005 


006 


007 


008 


009 


010 


015 


020 


025 


030 


035 


040 


015 


050 


15 




08601 


07386 


06333 


05421 


04633 


03953 


3367 


2863 


02430 


02039 


00874 


00352 


00134 


00047 


00016 


00005 


OOOOl 


„ 






01303 


0i'61 


02938 


01388 


36o8 


03785 


3801 


3734 


03605 


03432 


02312 


01J19 


00668 


00305 


00126 


00047 


00016 


00005 






000)2 


00323 


00636 


00988 


013€ 


01691 


Oi003 


2273 


02496 


02669 


02856 


02309 


01559 


00916 


00476 


0'19 


0090 


00032 






00004 


00029 


00085 


0018 


00307 


00468 


00653 


0857 


01070 


0128) 


2184 


02501 


02252 


01700 


OHIO 


00 34 


00318 


00139 








0002 


00008 


00022 


00049 


00090 


00148 


00223 


00117 


00428 


01156 


01876 


02252 


02186 


01792 


01268 


0780 


00417 










00001 


00002 


0000b 


00013 


0024 


00043 


00069 


00105 


00449 


01032 


OlbSl 


02061 


02123 


01859 


01404 


00916 
















00001 


00003 


00006 


00011 


00019 


00132 


00430 


00917 


01472 


01906 


02006 


01914 


01527 




















00001 


OOOOl 


00003 


00030 


00138 


00393 


00811 


01319 


01771 


02013 


01964 


























00005 


00035 


00131 


00348 


00710 


01181 


01647 


01%4 


























OOOOl 


00007 


00034 


00116 


00298 


00612 


01048 


01527 




























OOOOl 


00007 


00030 


00096 


00245 


00515 


00916 






























OOOOl 


00006 


00024 


00074 


00191 


00417 
































OOOOl 


00004 


00016 


00052 


00139 


































OOOOl 


00003 


00010 


00032 






































OOOOl 


00005 


16 




08515 


07236 


06143 


05201 


04101 


03716 


03131 


02634 


02211 


01853 


00743 


00281 


00100 


00033 


00010 


00003 


OOOOl 


_. 






1376 


02363 


03040 


034()9 


3706 


3795 


03771 


03663 


3499 


03294 


2097 


01126 


005)5 


00'28 


00087 


0030 


00009 


00002 






00104 


00362 


0070D 


01014 


01463 


01817 


2129 


023JO 


02596 


02745 


02775 


02111 


01336 


00732 


00)53 


00150 


00056 


00018 






OOOOd 


00034 


00102 


00211 


003)9 


00541 


00748 


00970 


01198 


01423 


02285 


02463 


02079 


01465 


00888 


0018 


00215 


00085 








00002 


00010 


00029 


OOOfil 


00112 


00183 


00274 


00385 


00514 


01311 


02001 


02252 


02010 


01553 


01014 


00572 


00278 










OOOOl 


00003 


00003 


00017 


0003) 


000d7 


00091 


00137 


00555 


01201 


01802 


02099 


02008 


01623 


01123 


00b67 














0001 


00002 


00005 


00009 


00017 


00028 


00180 


00550 


01101 


01649 


01982 


01983 


01684 


01222 




















OOOOl 


00002 


00004 


00045 


00197 


00i24 


01010 


015 '4 


01889 


01969 


01746 
























OOOOl 


00009 


00055 


00197 


00487 


00923 


01417 


01812 


01964 




Q 






















OOOOl 


00012 


00058 


00185 


00442 


00840 


01318 


01746 




























00002 


00014 


00056 


00167 


00392 


00755 


01222 






























00002 


00013 


00049 


00142 


00337 


00667 
































00002 


00011 


00040 


00115 


00278 


































00002 


00008 


00029 


00085 




































OOOOl 


00005 


00018 






































0000! 


00002 


17 




urn 


7093 


05958 


04996 


04181 


03493 


02912 


02423 


02012 


01668 


00631 


00225 


00075 


00023 


00007 


0000' 


^ 


^ 






01447 


02461 


oim 


03539 


3741 


03m 


03726 


03582 


03383 


03150 


01893 


00957 


0042b 


00169 


00060 


00019 


00005 


OOOOl 






00117 


00402 


00775 


01180 


01575 


01935 


02244 


02492 


2677 


2800 


02673 


01914 


01136 


00581 


OO'ftO 


00102 


000)5 


0010 






00006 


00041 


00120 


0024S 


00415 


0618 


00844 


01083 


01324 


01556 


02359 


2593 


01893 


01245 


OOIOI 


00341 


00144 


00052 








00003 


00013 


0003f) 


00076 


0138 


00222 


00130 


00458 


00605 


01457 


02093 


02209 


1868 


01320 


007% 


OOill 


00182 










00001 


0004 


00010 


000^3 


00044 


00075 


00118 


00175 


00668 


OI3bl 


01914 


02081 


01849 


01379 


001175 


00472 














00001 


00003 


00007 


00013 


00023 


00039 


00236 


00680 


01276 


01784 


01991 


01839 


01432 


00944 


















00001 


00002 


00004 


00007 


00065 


00267 


00668 


01201 


01685 


01927 


01841 


0H84 
























OOOOl 


00014 


00084 


00279 


00644 


01134 


01606 


01883 


01855 


























0003 


00021 


00093 


00276 


00611 


01070 


01540 


01855 




























00004 


00025 


00095 


00263 


00571 


01008 


014f4 




























OOOOl 


00005 


00026 


00090 


00242 


00525 


00944 






























OOOOl 


00006 


00024 


00081 


00^15 


00472 
































OOOOl 


00005 


00021 


000f8 


00182 
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00052 
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n 


1 \ 


001 


002 


003 


004 


005 


006 


0'07 


008 


009 


010 


015 


020 


025 


030 


03j 


0-40 


45 


050 


18 




08345 


6951 


05780 


04796 


03972 


3283 


02701' 


2929 


01831 


01501 


00536 


00180 


00056 


OOOIG 


00004 


orooi 










01517 


2554 


0Jil7 


3597 


03763 


3772 


3bb4 


3W9 


3260 


3002 


01704 


0811 


0338 


0126 


0042 


0012 


00003 


00001 






00130 


0443 


00846 


01271 


01(81 


2047 


2318 


2579 


2741 


2835 


2556 


01721 


0958 


0158 


0190 


00069 


0022 


OOOOb 






00007 


00048 


00140 


00283 


0473 


00697 


00942 


01196 


01446 


01680 


2)00 


2297 


1704 


01016 


0ii7 


02^6 


000)5 


00031 








00004 


0001b 


OOOH 


009} 


00167 


0026b 


00390 


0536 


007U0 


01592 


2153 


2130 


01(81 


OlIOl 


00611 


00291 


00117 










00001 


00005 


0014 


0030 


000% 


00095 


00118 


0218 


00787 


01507 


1980 


0J)17 


1664 


01116 


00666 


0327 














00002 


00004 


0000) 


0010 


00032 


00052 


OOJOl 


0016 


0113b 


li!/3 


1941 


m 


01191 


00/08 


















00001 


00003 


0005 


0010 


0091 


00150 


00820 


013^6 


1792 


1892 


16)7 


01214 






















OOOOl 


00002 


00022 


0120 


017b 


00111 


01127 


01711 


1864 


1669 


























00004 


000)3 


0013) 


0)86 


007)4 


01284 


016J4 


01855 


























00001 


00008 


000^2 


00119 


00185 


00771 


01218 


01669 




























0001 


0010 


0001b 


00151 


0374 


0742 


01214 






























00002 


00JI2 


00047 


0145 


0351 


00708 
































0002 


00012 


00045 


0H4 


00327 


































00002 


OUOU 


0039 


0117 


































00002 


00009 


00031 




































00001 


00006 






































00001 


19 




08262 


06812 


0%06 


04604 


3774 


3086 


2519 


02051 


16G6 


01351 


00456 


00144 


0042 


00011 


00003 


00001 










01586 


02642 


ow 


3545 


03774 


03743 


3(02 


3389 


3131 


2852 


01529 


00685 


00268 


000"3 


00029 


0008 


0002 








00144 


00403 


0917 


01367 


01787 


02150 


2440 


26i2 


02787 


02852 


02428 


01540 


0803 


00^58 


00138 


0016 


00013 


00003 






00008 


0005b 


00161 


00323 


0053^ 


00178 


01041 


01307 


01562 


01796 


02^28 


02182 


01)17 


01169 


00422 


00175 


mu 


00018 








00005 


0020 


00054 


00112 


0199 


0313 


00455 


0618 


00798 


01714 


02182 


2023 


0U91 


0009 


0Jb7 


020! 


0074 










00002 


00007 


00018 


00038 


00071 


00119 


00183 


00266 


OO'W 


1636 


2023 


1916 


O'll^S 


0433 


0497 


0222 












00001 


00002 


00006 


00012 


00024 


00042 


0069 


0374 


00955 


01574 


01916 


01814 


014)1 


00H9 


00518 
















00001 


00002 


00004 


00008 


00014 


00122 


00443 


00974 


01525 


01811 


01797 


01143 


0961 




















00001 


00001 


00002 


0032 


00116 


0487 


00981 


0H89 


01797 


01771 


01442 


























0007 


0051 


0198 


00514 


00^80 


1464 


01771 


01762 
























00001 


00013 


00066 


00220 


00528 


0976 


01149 


017U2 


























00003 


0018 


00077 


0233 


0053^ 


00970 


01412 




























00004 


00022 


00083 


00237 


05^9 


0)61 




























0001 


00005 


0024 


00085 


0233 


00518 






























00001 


00006 


00021 


00082 


00222 
































00001 


00005 


00022 


0074 


































00001 


00005 


0018 




































00001 


00003 


20 




8179 


6676 


05438 


04420 


03585 


2901 


2342 


01887 


01516 


01216 


00388 


00115 


00032 


00008 


00002 












01652 


27/5 


3364 


03683 


3774 


03703 


3526 


3282 


3000 


2702 


1368 


00576 


00211 


00068 


00020 


OOOOo 


00001 








0159 


0528 


00988 


01458 


01887 


02246 


2521 


2711 


2818 


2852 


02293 


01369 


0669 


00278 


00100 


0031 


0008 


0002 




OOOIO 


00()5 


00183 


00364 


00596 


08b0 


01139 


01414 


01672 


01901 


02428 


2054 


01339 


0071G 


0323 


0123 


0010 


0011 






00006 


00024 


00065 


00133 


00233 


00364 


00523 


00703 


00898 


01821 


2182 


01897 


OU04 


0738 


003)0 


00139 


0046 






- 
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00022 


00048 


00088 


00145 


00222 


00319 


010^8 


01746 


2023 


01789 


01272 


074() 


(Hbj 


OOIIH 










00001 


00003 


00008 


00017 


00032 


00055 


00089 


00454 


01091 


01686 


01916 


01712 


1244 


00746 


0370 














00001 


00002 


00005 


OOOil 


00020 


OOICO 


00545 


0II24 


01641 


01844 


1659 


01221 


0739 


















00001 


00002 


00004 


00046 


00222 


0609 


01144 


1614 


1797 


016 '3 


01201 






















00001 


00011 


00074 


00271 


00654 


01158 


1507 


01771 


1602 
























00002 


0020 


00099 


00308 


00686 


01171 


01593 


01762 


























00005 


00030 


00120 


00336 


0710 


01185 


1602 


























00001 


00008 


00039 


00136 


00355 


00727 


01201 




























00002 


00010 


00045 


00146 


00365 


00739 






























00002 


00012 


00049 


00150 


00370 
































0-0003 


00013 


00049 


00148 
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APPENDIX 'b 

(Clams ill and Hi) 

BINOMIAL DISTRIBUTION : PARTIAL SUMS 

rorn = 2to 20 and^=:001(001)0 10(005)050 
x«0^*' 



\|>^ 001 002 003 OOt 005 006 007 008 009 010 015 020 025 030 035 040 045 050 

09801 09604 09109 09216 09025 08836 08649 08461 08281 08100 7225 06400 05625 4W 4225 03600 OJ025 '500 

1 09999 09^96 09991 09981 09975 09M OWl 9936 09919 09900 09775 09b00 09375 09100 08775 08100 07^)75 07500 

2 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 lOOOO 10000 10000 10000 10(00 10000 \m \m 

09703 0^)412 09127 08847 08574 08306 08041 07787 7531) 7290 06141 03120 01219 03430 2746 2160 01664 01250 

1 099J7 09988 9974 0)953 0^)928 989h 09Ltfl 9818 9772 09720 09392 089(0 08438 7810 7182 0(48(1 Oo718 5C00 
) 10000 10000 01000 09999 ^m 09998 9W 09J95 OW 09990 9906 09920 09844 9730 09i71 9 60 0'019 OJ750 
5 10000 10000 10000 1(000 10000 lOtOO 100(0 10000 1 0000 10000 10000 10000 10000 10000 1 0000 

09606 01224 08853 08193 08145 7807 7481 7164 68o7 06561 5220 04096 03164 02101 01785 129() 0915 00625 

1 09994 09977 09948 09904 098o0 09(101 097]3 09i56 )i70 09177 08905 08192 7383 06517 5630 04-52 3' 10 OjI25 

2 10000 10000 9999 9998 9195 09992 9987 0.981 997? 99f)3 09880 0<)728 9192 91(3 08735 8208 585 0L07:) 

3 10000 10000 10000 10000 10000 10000 09)99 09«)99 09993 09984 {)%[ 9'il9 0^0 0')714 »5'i0 375 

4 10000 10000 10000 10000 10000 10000 1(000 ICCOO 10000 110(10 

09510 09039 08587 08154 07738 07339 069)7 06)91 ObHO 05905 04437 0327^ 02373 01681 011()0 00778 00j03 00312 

1 099^0 09962 09915 9852 0J774 9681 9]75 945( 9326 09185 083j2 7373 6328 5282 01284 3370 2j()2 01873 

2 10000 09999 09997 09994 9988 09980 09969 099jj 9937 09jl4 09734 09421 8935 ()« 7648 Ofj82() 5931 05000 

3 10000 10000 10000 10000 09999 09999 09998 09W 09995 09978 9933 0Q814 9(92 091C0 09130 08f88 08125 

4 10000 10000 10000 lOJOO 10000 09999 09997 09990 09<)76 OW ^m 0^810 0%88 

5 10000 10000 10000 10000 lOOOO lOOCO 10000 10000 

09415 08858 08330 78^8 07351 6899 06470 06064 5679 5314 03771 02621 01780 01176 00754 00167 00277 00156 

1 09985 09943 09875 09781 09672 09j41 09)92 09227 09)48 08857 07765 06554 05339 04202 03191 02333 01636 01094 

2 10000 09998 0999j 09988 9978 099(2 09942 09915 09882 09842 09527 08011 08306 7143 00471 05443 01115 3138 

3 10000 10000 10000 099)9 09998 09997 09995 09992 0S7 09941 09830 9()24 09295 8826 08208 7447 06562 

4 10000 10000 10000 10000 10000 09$99 09996 09984 99i4 OWl 9777 09590 0^08 08% 

5 10000 lOP 9999 9998 9993 09%2 9959 09917 9814 

6 10000 10000 10000 10000 10000 10000 10000 

093^1 08681 08080 7^14 06983 06485 06017 5578 Oj163 04785 03206 02097 0133) 00821 00490 OO'fO 00152 00070 

1 09980 09921 09829 09706 09^)6 09182 09187 08971 08743 U% 07166 5767 04449 3294 023J8 015(6 01021 00('5 

2 10000 09997 09991 9980 09962 09937 0')9()3 9860 9807 9/43 9'62 08520 7564 06471 053''3 04199 31(1 266 

3 10000 10000 9999 09993 09996 09993 09988 09932 09973 09879 09607 09294 8710 08002 7102 0(081 )()()() 

4 10000 10000 10000 10000 0999') 09999 09^98 0')988 09951 09871 09712 09444 0*^037 08171 07711 

5 10000 10000 lOODO 09999 09996 09987 09962 09910 09812 09613 093 5 

6 10000 10000 09999 09998 09994 9984 091(3 0)922 

7 10000 10000 10000 10000 10000 10000 
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09227 


08508 


07837 


07214 


06634 


06096 


05596 


05132 


04703 


04305 


02725 


01678 


01001 


00576 


00319 


OOlfS 


00084 


0C039 






09913 


0^897 


09777 


0^619 


09428 


092(8 


08965 


08702 


08423 


08131 


06572 


05(33 


03671 


02553 


01(91 


010(4 


00632 


00352 






09999 


09996 


09987 


09^69 


09942 


09904 


0^853 


09789 


09711 


09n9 


08948 


07969 


06785 


05518 


04278 


03154 


02201 


01445 






10000 


10000 


09999 


09998 


09996 


09993 


09987 


09978 


09966 


09950 


09786 


09437 


08832 


08059 


07064 


05941 


04770 


0363^ 
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09999 
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09997 


09996 


^m 


09896 


09727 


09420 


08939 


082f3 


07396 
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09998 


09988 


09958 
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09747 


09^02 


091b 


08355 


























IOOOO 


09999 


09996 


09487 


09964 


09915 


09819 


09648 
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IOOOO 


09999 


09998 


09993 


09983 


099G1 
































IOOOO 


IOOOO 


IOOOO 


IOOOO 


IOOOO 


9 





09135 


08337 


07C02 


06925 


06302 


05730 


05204 


04722 


04279 


03874 


02316 


01342 


00751 


00404 


00207 


00101 


00046 


00020 


1 


09966 


09869 


09718 


09522 


09288 


09022 


08729 


08417 


08C88 


07748 


05995 


04362 


03003 


019C0 


01211 


00705 


00385 


00195 




2 


09999 


09994 


09980 


099^5 


09916 


09862 


09791 


09702 


09 95 


094 


08591 


07382 


06007 


04628 


0337J 


02318 


01495 


00898 




3 


10000 


iOOOO 


OW 


09997 


09994 


09987 


09977 


09963 


09943 


09917 


09661 


09144 


08H3 


07297 


06089 


04826 


03614 


02^39 




4 






IOOOO 


IOOOO 


IOOOO 


09999 


09998 


09997 


09995 


09991 


09944 


09804 


09511 


09012 


08283 


07334 


06214 


05000 




5 












ICOOO 


IOOOO 


IOOOO 


IOOOO 


09999 


09994 


09969 


099f0 


09747 


094(4 


09006 


08142 


07461 




6 




















IOOOO 


IOOOO 


09997 


09987 


09957 


09888 


097jO 


09502 


09102 




7 
























IOOOO 


09999 


09996 


09986 


09962 


09909 


09805 




8 


























IOOOO 


IOOOO 


09999 


09997 


09992 


09980 




9 






























IOOOO 


IOOOO 


IOOOO 


IOOOO 


10 





09014 


08171 


07374 


06648 


05987 


05386 


04840 


04344 


03894 


03487 


01969 


01074 


00563 


00282 


00135 


00060 


00025 


00010 




1 


09957 


09818 


09655 


09418 


09139 


08824 


08483 


08121 


07746 


07461 


05443 


03758 


02440 


01493 


00860 


00464 


002^1 


00107 




1 


09999 


09991 


09972 


09938 


09885 


09812 


09717 


09599 


09460 


08893 


08202 


06778 


05256 


03828 


02616 


01673 


00996 


0547 




3 


10000 


10000 


09999 


0999b 


09990 


09980 


09964 


09942 


09912 


09872 


09500 


08791 


07759 


0649b 


05138 


03823 


02660 


01719 




4 






IOOOO 


IOOOO 


09999 


09998 


09997 


09994 


09990 


09984 


09901 


09672 


09219 


08497 


07515 


06311 


05044 


0J7I0 




5 










IOOOO 


IOOOO 


IOOOO 


IOOOO 


09999 


09999 


09986 


09936 


09803 


09527 


09051 


08338 


07384 


06230 




6 


















IOOOO 


IOOOO 


09999 


09991 


09965 


09894 


09740 


09452 


089R0 


08281 




7 






















IOOOO 


09999 


09996 


09984 


09952 


09877 


09726 


09433 




8 
























IOOOO 


IOOOO 


09999 


09995 


09983 


09955 


09893 
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IOOOO 


IOOOO 


09999 


09997 


09990 
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IOOOO 


IOOOO 


IOOOO 


11 





08953 


0'8007 


07153 


06382 


05688 


05063 


04501 


03996 


03544 


03138 


01673 


00859 


00422 


00198 


00088 
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00005 




1 


0W8 


09805 


09587 


09308 


08981 


08618 


08228 


07819 


07399 


06974 


04922 


03221 


01971 


01130 


00606 


00302 


00139 


000j9 




2 


09W 


09988 


09963 


09917 


09848 


09752 


09630 


09481 


09305 


09104 


07788 


06174 


04552 


03127 


02001 


01189 


00652 


00327 




3 


10000 


IOOOO 


09998 


0W3 


09984 


09970 


09947 


09915 


09871 


09815 


09306 


08389 


07133 


0569b 


04256 


2963 


01911 


0113! 




4 






IOOOO 


IOOOO 


09999 


09997 


09995 


09990 


09983 


09972 


09841 


09496 


08854 


07897 


06()83 


053^8 


03971 


02744 
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IOOOO 
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09998 


09997 


09973 


09883 


09657 


09218 


08513 


7535 


06331 
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6 
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IOOOO 
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09997 


09980 


09924 


09784 


09499 


09006 


08262 


07256 
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09998 


09988 


09957 


09^78 


09707 


09390 


08867 
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09991 


09980 
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07847 


06938 


06127 


05404 


04759 


04186 


03677 


03225 


02824 


01422 


00687 


00317 


00138 


000)7 
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00008 
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09938 


09769 


09514 


09191 


08816 


00405 


079()7 


07513 
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06590 


04435 


02749 


01534 


00350 


00124 


00196 


00083 
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09918 


09985 


09952 


09893 


0980t 


09681 


09532 


09348 


09134 


08891 


073o8 


0558J 


03J07 


02)28 


01513 


008U 


00421 


00193 
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09J99 


09997 


09940 


09978 


99)7 


09925 


09000 


09020 


09744 


09078 


07946 


06488 


049'5 


03167 


02253 


01345 


00730 








10000 


10000 


09J99 


09990 


09996 


09991 


09984 


09973 


09957 


0'^761 


09274 


08424 


072)7 


05833 


04382 


03014 


01938 












10000 


10000 


10000 


09))) 


09998 


09997 


09995 


09934 


09806 


0945b 


08822 


07873 


06652 


05269 


03872 


















10000 


10000 


10000 


09999 
10000 


09993 
09999 


09961 
09994 


09857 
09972 


09614 
09905 


09154 
9745 


08418 
09427 


07393 
08883 


06128 
08062 


























10000 


09999 


09996 


09983 


09944 


09847 


09644 


09270 




























10000 
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09998 


09992 


09972 


09921 


09807 
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09989 


09968 
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10000 
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06730 


05882 


05133 


04474 


03893 


03383 


02935 


02542 


01209 


0Oj50 


00238 


00097 


00037 
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00004 


00001 
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0^928 


09730 


09436 


09fl()8 


08646 


08186 


07702 


7206 


06707 


06213 


03983 


02336 


01267 


00637 


00295 


00126 


00049 


00017 




2 


09997 


09980 


09938 


09116) 


0W5 


09(00 


09422 


09201 


08946 


08661 


06920 


05017 


03326 


020^^ 


01132 


00579 


00269 


00112 




3 


10000 


09999 


09991 


09986 


099d9 


09940 


09B97 


098i7 


097D8 


09658 


08820 


07473 


05843 


04206 


02783 


1586 


00929 


00461 




4 




10000 


10000 


09999 


09997 


09991 


09987 


09976 


09959 


099J3 


09658 


9)0J 


07940 


00543 


OjOOj 


03)30 


02279 


01334 




5 








10000 
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09999 


09999 


09997 


09991 


09991 


099') 


09700 


09198 


08316 


07159 


05744 


04268 


02905 
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10000 


10000 


09999 


09999 


09987 


09930 


09757 


09376 


08705 


07712 


06437 


05000 




I 


















10000 
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09998 


09988 


09944 


09818 


09)38 


09023 


08212 


07095 
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09998 


09990 
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09874 


09579 


09302 


08666 
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09993 


09975 


)922 


09797 


09539 
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09987 
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09888 
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09999 
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13 




































10000 







08687 


07536 


06528 


05647 


04877 


04205 


03620 


03112 


02670 


02288 


01028 


00440 


00178 


00068 


00024 


00008 


00002 


00001 




1 


09916 


09690 


09355 


08941 


08470 


07953 


07436 


06900 


06368 


05846 


03567 


01979 


01010 


00475 


00205 


00081 


00029 


00009 




2 


09997 


09975 


09923 


09833 


09(99 


09^22 


09302 


09042 


08745 


08416 


06479 


04481 


02811 


01603 


00839 


00398 


00170 


00065 




3 


10000 


09J99 


099J4 


099111 


0995^ 


099^0 


09864 


09786 


9685 


09359 


08535 


06982 


5213 


5552 


02205 


01243 


00632 


00287 




4 




10000 


1 0000 


09998 


09996 


09990 


09980 


099f)5 


09941 


09908 


09533 


00702 


07415 


0)842 


042'7 


02793 


01672 


00898 
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09996 
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09985 


0988) 


09)61 


08883 


07805 


06^05 


04859 


03373 


02120 
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09978 


09884 


09617 


09067 


08164 


06925 


05461 


03953 
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09997 


09976 


09897 


09585 


09247 


08499 


07414 


06047 




8 
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09917 


09757 


09417 


08811 


07880 
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09997 


09983 


09940 


09825 


09574 


09102 
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09989 


09961 
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09896 
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09501 
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08227 
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01727 
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00424 00176 
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09999 


09998 


09991 


0998b 
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09918 


09873 


09iJi 
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()8()3 


05h5 


03519 


02173 


01i04 00^92 










10000 


10000 


09999 
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09997 


09993 


9987 


09978 


mn 


09189 


08)16 


07216 


05643 


04032 


02603 01509 














10000 


10000 


10000 


09999 


09998 


09997 


m\ 


09819 


09434 


urn 


07548 


06098 


04522 03036 




















10000 


10000 


10000 


(19994 


099i8 


09827 


0')300 


08868 


078()9 


06535 05000 


























09999 


09992 


09958 


09818 


09578 


09050 


08182 06964 


























10000 


0W9 


09992 


0'J963 


09376 


09662 


09231 08491 
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09972 


09907 


09745 09408 
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09995 


09981 
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09989 09963 
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10000 
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08515 


01238 


06143 


05204 


04401 


03716 


03131 


02634 


02211 


018d3 


00^43 


00281 


00100 


00033 


00910 


00003 


00001 - 






09891 


09601 


09182 


08673 


0-8108 


07311 


0C902 


06299 


05711 


01147 


0'8i9 


01407 


00635 


002(1 


00098 


00033 


OOOIO 00003 






0'9995 


09963 


09887 


09758 


09571 


09327 


09031 


08689 


08306 


07892 


0jbl4 


33)8 


01971 


00094 


00431 


00183 


00066 00021 






10000 


09998 


09989 


09968 


09930 


09868 


09779 


096)8 


09)01 


09]|b 


0'[i9) 


5)81 


04050 


49 


01339 


00()51 


00281 00106 








10000 


09999 


09997 


9991 


0^981 


0')962 


9932 


0%89 


09!!J0 


01i09 


7)11^ 


0()]02 


01199 


02892 


16()6 


00851 00384 










10000 


10000 


999J 


09998 


09995 


09990 


09981 


00<J(.7 


097(5 


9103 


03103 


0()^8 


04900 


031 


01976 01031 














10000 


10000 


09999 


9999 


09997 


i}m 


09)44 


0)733 


09204 


0(147 


0()881 


0'5272 


3660 02272 


















10000 


10000 


10000 


(}m 


09989 


09910 


09729 


O'f^jfi 


08406 


07161 


05629 04018 
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091% 


()')985 


0'^')25 


0)743 


093 9 


08577 


07441 05982 


























10000 


099% 


09^84 


00)9 


09771 


09417 


08759 07728 




























10000 


0W7 


O'DBl 


09938 


09809 


09514 08919 






























10000 


0'j)')7 


09987 


09951 


09851 09616 
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10000 


0« 


09994 09979 




































10000 


09999 09997 






































10000 10000 






































[dntimi] 



lii#(Parti)<Uh 



HUOItbAl UsflUltlllOtt I ^ARf LiL SUMs - U 



n 

17 
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001 


002 


003 


004 


0'05 


006 


007 


008 


009 


010 


015 


020 


025 


030 


035 


040 


045 


050 




08429 


01093 


05958 


04996 


04181 


03493 


02912 


02423 


02012 


01668 


00631 


00225 


00075 


00023 


00007 


00002 


. 








098II 


09554 


09091 


08535 


07922 


07283 


06638 


06005 


05396 


04818 


02o25 


01182 


00501 


00193 


00067 


00021 


00006 


00001 






0<)994 


09956 


09866 


09714 


09497 


09218 


08882 


08497 


08073 


07618 


05198 


03096 


01()37 


00774 


00327 


00123 


00041 


00012 






10000 


09997 


09986 


09960 


09912 


09836 


09727 


09581 


09397 


09174 


07556 


05489 


03530 


0i019 


01028 


004bl 


00184 


00064 
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09999 


09996 


09988 


09974 


09949 


09911 


09855 


09779 


09013 


07582 


05739 


03887 


02348 


OlibO 


00596 


00245 










10000 


10000 


09999 


09997 


09993 


09985 


09973 


09953 


09681 


08943 


07653 


05968 


04197 


02639 


01471 


00717 














10000 


10000 


09999 


09998 


09996 


09992 


09917 


09623 


089i9 


07752 


06188 


04478 


02902 


01662 


















10000 


10000 


10000 


09999 


09983 


09891 


09j98 


08954 


07872 


00405 


04743 


03145 
























10000 


09997 


09974 


0*9876 


09597 


09006 


08011 


06626 


05000 


























10000 


09995 


09969 


09873 


09617 


09081 


0816b 


06855 




























09999 


09994 


09968 


09880 


09652 


09174 


08338 




























10000 


09999 


09993 


09970 


09894 


09699 


09283 






























10000 


09999 


09994 


09975 


09914 


09755 
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09995 


09981 


09936 


































10000 


09999 


09997 


09988 




































10000 
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09999 








































10000 
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083t5 


06951 


05780 


04796 


03972 


03283 


02708 


02229 


01831 


01501 


00536 


00180 


00056 


00016 


00004 


00001 
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18 




098o2 


09505 


08997 


08393 


07735 


07055 


06373 


05719 


05091 


04303 


02241 


00991 


00395 


00142 


00046 


00013 


00003 


00001 






09993 


09948 


09843 


09b^7 


09419 


09102 


08725 


08298 


07832 


07338 


04797 


02713 


01353 


00600 


002% 


00082 


00025 


00007 
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09996 


0*^982 


09950 


09891 


09799 


09^67 


09m 


0927] 


09018 


07202 


05010 


03057 


01646 


00783 


00328 


OOlifl 


00038 








10000 


09998 


09994 


09^85 


09966 


09933 


09884 


09814 


09718 


08794 


07164 


05187 


03327 


1886 


00942 


00411 


00154 










10000 


09999 


09993 


09995 


09990 


09979 


09962 


09936 


09581 


08671 


07175 


05144 


03550 


02088 


01077 


00481 












10000 


10000 


10000 


09999 


09997 


09994 


09988 


09882 


09487 


08610 


07217 


05191 


03743 


02258 


01189 


















10000 


10000 


09999 


09998 


09973 


09837 


09431 


08593 


07283 


05()34 


03915 


02403 






















10000 


10000 


09995 


099)7 


0%07 


09404 


08609 


073b8 


05778 


04073 


























09999 


09991 


09946 


0<)790 


09403 


086^3 


07473 


05927 


























10000 


09998 


09988 


09939 


09788 


09424 


08720 


07597 




























10000 


09998 


09986 


09938 


09797 


09463 


08811 






























10000 


09997 


09986 


09942 


09817 


09519 
































10000 


0P997 


09987 


09951 


09846 


































10000 


09998 


09990 


09962 




































10000 


09999 


09993 






































10000 


09999 








































10000 








































- 
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I$i93||0(PutI)-m!l 
BINOMUlDISTRIBimONirAKTIAlSUMS-M 



n 
19 


N^ 


¥ 001 


002 


03 


004 


005 


006 


007 


008 


0*09 


010 


015 


020 


025 


030 


035 


040 


045 


050 


08262 


06812 


05606 


04604 


03774 


03086 


02519 


02051 


01666 


01351 


00456 


00144 


00042 


00011 


00003 


00001 










098*1 


m\ 


08900 


08249 


07547 


06829 


06121 


05440 


04798 


04203 


01985 


00829 


00310 


00104 


00031 


00008 


00002 








09991 


09939 


09817 


09f)16 


09335 


08979 


08561 


08092 


07^85 


07054 


04413 


02369 


01113 


00162 


00170 


00055 


00015 


00004 






10000 


09993 


09978 


09939 


09868 


09757 


09602 


09398 


09147 


08850 


06841 


04551 


02631 


01ii2 


00691 


00230 


00077 


00022 








10000 


09998 


09993 


09980 


09956 


09915 


09853 


09765 


09618 


08556 


06733 


04*54 


0282? 


01500 


00696 


00280 


00096 










10000 


09999 


09998 


09994 


09986 


09971 


09949 


09914 


09463 


08369 


06678 


04719 


02968 


91629 


00777 


00318 












10000 


10000 


09999 


09998 


09996 


09991 


09983 


09837 


09324 


08251 


06655 


04812 


03081 


01727 


00835 
















10000 


10000 


09999 


09999 


09997 


09959 


09767 


09225 


08180 


06656 


04878 


03169 


01796 




















I'OOOO 


10000 


10000 


09992 


09913 


09713 


091bl 


08145 


06675 


049*0 


03238 


























09999 


09984 


09911 


09b74 


09125 


08139 


06710 


05000 


























10000 


09997 


09977 


09895 


09653 


09115 


08159 


06762 




























10000 


09995 


09472 


09886 


09648 


09129 


08204 






























09999 


0999* 


09969 


09884 


09658 


091b5 






























10000 


09999 


09993 


09969 


09891 


09682 
































10000 


09999 


09994 


09972 


09904 


































10000 


09999 


09995 


09978 




































10000 


09999 


09996 






































1 0000 


1 0000 








































^ 








































- 


20 




08179 


06676 


05438 


04420 


03585 


02901 


02342 


01887 


01516 


01216 


00388 


00115 


00032 


00008 


00002 












09831 


09401 


08802 


08103 


07358 


06605 


05869 


05169 


04516 


03917 


1756 


00692 


00243 


00076 


00021 


00005 


00001 


_ 






09990 


09929 


09790 


09561 


09245 


08850 


08190 


07879 


07334 


06769 


04{)19 


02061 


00913 


003^) 


00121 


00036 


00009 


00002 






10000 


09994 


09973 


09926 


09841 


09710 


09529 


09294 


09007 


08670 


0C477 


04114 


02252 


1071 


004U 


00160 


00049 


00013 








10000 


09997 


09990 


0W4 


0994* 


09893 


09817 


09710 


09568 


082% 


06296 


04148 


02375 


01182 


00510 


00189 


00059 










10000 


09999 


09997 


09991 


09981 


09962 


09932 


09887 


09327 


08042 


06172 


04161 


024H 


01256 


005^3 


00207 












10000 


10000 


09999 


09997 


09994 


09987 


0997b 


09781 


09133 


07858 


0C080 


04166 


02W 


01299 


00577 
















10000 


1 0000 


09999 


09998 


09996 


09941 


09079 


08982 


0771 


06010 


04159 


02520 


01316 




















10000 


10000 


09999 


09987 


09900 


09591 


0li8b7 


07^24 


05956 


04143 


02517 
























10000 


09998 


09974 


09861 


m^ 


08782 


07553 


05914 


04119 


























10000 


09994 


09961 


OW 


09468 


08725 


07507 


05881 




























09999 


09991 


09919 


09804 


09435 


08692 


07€ 




























10000 


09998 


0'])[17 


09940 


09790 


0'9420 


08684 






























10000 


09)97 


09985 


09935 


09786 


0'9423 
































10000 


09997 


09984 


09936 


09793 


































10000 


09997 


09985 


09941 




































10000 


09997 


0'9987 






































10000 


09998 








































10000 








































«. 




20 




































- 
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APPENDIX C 

(fcUl) 

FOISSON DISTRIBUTION! INDIVIDUAL TERMS 



w 111=001(001)010,(1 



TT 



\m-^ 001 002 003 004 005 006 007 008 009 010 015 020 


025 030 035 040 045 050 055 060 065 070 075 


080 


085 


090 


09900 ^9802 09704 09608 09512 09418 09324 09231 09139 09048 08607 0818 

1 O0099 00196 00291 00384 00476 00565 00653 00738 00823 00905 01291 0163 

2 00002 000J4 00008 00012 00017 00023 00030 00037 0(1)45 00097 0016 

3 00001 00001 OOWl 00002 00005 0001 

4 0000 


07788 07408 07017 06703 06376 00065 05769 05483 05220 04166 04724 04493 04274 04g 
01947 02222 02466 02681 028b9 03033 0117J 03291 03193 01476 OWJ 03595 03631 03659 
00243 00333 00432 00536 00646 00758 00873 00988 01101 01217 01329 014J8 01544 01647 
00020 00033 00050 00072 00097 0012b 00160 00198 00239 00284 00312 00383 00437 00494 
m\ 00003 00004 00007 00011 00016 00022 00010 00019 OOOiO 00062 00077 00093 OOlll 

00001 00001 oi2 mi 00004 oooo) 00007 00009 00012 00016 00020 

00001 OOJOl Oil 00002 00002 00003 



\ 

1 


•> 095 100 11 12 13 14 15 16 17 18 19 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 
\ 




03867 01679 03329 03012 02725 02466 02231 02019 01827 01653 01496 01353 01108 00907 00743 00608 00498 00408 00334 00273 00224 00183 00150 00123 00101 00082 00067 




03674 0J679 03662 03bl4 03543 01452 03347 03230 o3106 02975 02842 02707 02438 02177 01931 01703 01494 01304 01135 00984 00850 00733 00630 005tO 00462 0039) 00337 




01745 01839 02014 02169 02303 02417 02510 02)84 02640 02678 02700 02707 02681 021)13 02510 02384 02240 02087 01929 01771 01615 0H6) 01323 01188 01063 00918 00842 




0055J 00613 00738 00867 00998 01128 01255 0H78 01496 01607 01710 01804 01966 02090 02176 02225 02240 02226 02186 02125 02046 01951 0i8^2 01743 01631 01517 01404 




00131 00153 00203 00260 00324 00395 00471 00551 00636 00723 00812 00902 01082 012H 01414 01557 01680 01781 01858 01912 01914 01954 01944 01917 01875 01820 01755 




00025 00011 00045 00062 00084 00111 00141 00176 00216 00260 00309 00361 00476 00602 00735 00872 01008 01140 01't)4 01377 01477 01563 01633 011)87 01725 Oi747 01755 




0(W04 00005 00008 00012 00018 00026 00035 00047 00061 00078 00098 00120 00174 00241 00319 00407 00504 00608 0071() 00826 00936 010i2 0143 01237 01323 398 01462 




00001 00001 00001 Oi2 00003 00005 OOHOO 00011 00015 00020 00027 00034 00055 00083 00118 00163 00216 00278 00318 0042j 00508 00595 00686 00778 00(169 00959 01044 




00001 m\ Oil 00002 Oi3 m^ m 0i9 00015 00025 00038 00057 OOO8I 00111 00148 OOlOl 00241 00293 OOSOO 00428 00500 00^75 006)3 




00001 OOOOI Oil OOOOi 0i4 00007 00011 00018 00027 00040 00056 00016 00102 00132 00168 00209 00255 00307 00363 




Oil 00002 Oi3 0i5 018 00013 00019 00028 00039 00053 00071 00092 00118 00147 0'0181 




00001 Oil 0i2 0i4 00006 0i9 00013 00019 00027 00037 0i9 00064 00082 




Oil Oil 00002 Oi3 0i4 00006 0i9 00013 00019 00026 00034 




Oil Oil 0i2 00003 OiS Oi7 0i9 00013 


14 


Oil Oil Oil Oi2 Oi3 00005 


15 


Oil Oil 0i2 



APPENDIX D 

(Ctee7.ll) 

FOISSON DISTRIBUTION I PARTIAL SUMS 

Forw=001(001)010(005)I00(01)2(02)5 



itHiODIPartll'lSi) 



00* 005 006 007 008 



015 



025 



035 0*0 0*5 



075 080 



090 



09900 09802 0970* 09608 09512 09118 0932* 09231 09139 090*8 08607 08187 07788 07*08 070*7 06103 06316 0606) 051W 051 05220 0*965 0*72* 0**J3 0*27* 01066 

m 09198 09996 09992 09988 09983 09977 09970 09962 09953 09898 09823 09135 09i)31 09513 0938* m 09098 08113 08181 0861* 081*1 082(6 08088 07901 07725 

10000 10000 10000 lOi lOi 09999 09999 09199 09998 09995 09989 09978 0996* 099t5 09921 09891 0985b 0M15 097t)9 09111 09h59 09595 095b 09*51 09311 

10000 10000 10000 10000 10000 09999 09999 09997 09995 09J92 09988 09982 0997) 0996() 099j6 09H2 099^7 09909 09889 09865 

1 0000 lOOOO 10000 10000 09999 09999 09998 09J97 09J96 0999* 09992 09J89 09986 0998' 01977 

10000 10000 10000 m loooo 09999 09999 099^1 09998 09197 09997 

lOi 10000 10000 10000 liO liO 



V^ 095 10 11 12 13 1* 15 16 11 18 19 20 22 2'* 26 28 30 32 3* 3-6 38 *0 *2 ** *6 *8 50 




03867 03679 03329 03012 02725 02*66 02231 02019 01827 01653 01*96 01351 01108 00907 007*3 00608 0'0*98 00*08 0033* 00273 0022* 00183 00150 00123 00101 00082 00067 




075*1 07358 06990 06626 06268 05918 05578 05249 04932 0*628 0*337 0*060 035*6 0308* 02674 02311 01991 01712 01*68 01257 0107* 00916 00780 00b63 00563 00*77 00*0* 




09287 09197 0900* 08195 08511 08335 08088 0183* 01512 01306 07037 06767 06221 05697 05184 0*695 0*232 03799 03391 03021 02689 02381 02102 01851 01626 01*25 012*7 




09839 09810 091*3 09662 09569 09*63 093** 09212 09068 08913 081*7 08571 0819* 07787 07360 06919 06*72 06025 0558* 05152 0*735 0*315 0315* 0359* 03257 0)9*2 02650 




01911 09963 09946 09923 09893 09851 09814 09163 0970* 09636 09559 09473 09275 090*1 08774 08*11 08153 01806 074*2 01061 06618 06288 05898 05512 Oj132 0*7b3 0**05 




09995 0999* 09990 09985 03978 09168 09955 099*D 09920 01896 09868 0183* 09751 09613 09510 093*9 09161 089*6 08103 08**1 08156 07851 07531 07199 06858 06510 0616O 




09999 09999 09999 09997 09996 0'999* 09991 09987 09981 0997* 09966 09955 09925 0988* 09828 09756 09665 0955* 09*21 092b7 09091 08893 08675 08*36 08180 071 07622 




10000 m 10000 lOOd) 09999 09999 09998 OW 09995 0999* 09992 09989 09980 09961 019*7 09919 Oil 09832 09769 0%92 09599 09*89 09361 0921* 090*9 08861 08666 




m m 10000 lOOOO 09999 09999 09998 09993 09995 09991 09985 09916 09962 09943 09911 09883 018*0 09186 09121 096*2 095*9 09**2 09319 




10000 IWOO 10000 10000 09199 09998 09996 09993 09t 09982 09913 099b0 099*2 09919 09889 09851 015 09H9 01682 




liO 10000 09999 09998 09997 09995 09992 09981 09981 09912 09959 099*3 09122 01896 09863 




I'OOOO 10000 09999 09999 09998 09996 0999* 09991 09986 09980 09911 09960 099*5 




lOi lOi 09999 09999 09998 09997 09996 09^93 09990 09986 09980 




lOi lOi Id 09999 09999 09998 09997 09995 0^993 


1* 


10000 10000 09999 09999 09999 09998 


15 
16 
1? 


m 10000 10000 09919 
09999 

m 



IS 19300 (Part I). 1979 

APPENDIX £ 

{See Clause SAA) 

3^0GAR1THMS OF FACTORIALS OF INTEGERS FROM 1 TO 100 



■* MFLB Size 
n 


LoGio n\ 


Sample Size 


LoO|0 n 1 


Sample Size 
n 


Looio" 1 


(1) 


(2) 


(1) 


(2) 


(1) 


(2) 


1 


0000 0000 


41 


49-524 4289 


81 


120-763 2127 


2 


0-301 0300 


42 


51-147 6782 


82 


122-677 0266 


3 


0-778 1513 


43 


52-781 1467 


83 


124-596 1047 


4 


1-380 2112 


44 


54-424 5993 


84 


126-520 3840 


5 


2-079 1812 


45 


56-077 8119 


85 


128-449 8029 


6 


2-857 3325 


46 


57-740 5697 


86 


130-384 3013 


7 


3-702 4305 


47 


59-412 6676 


87 


132-323 8006 


8 


4-605 5205 


48 


61-093 9088 


88 


134-268 3033 


9 


5-559 7630 


49 


62-784 1049 


89 


136-217 6933 


10 


6-559 7630 


50 


64-483 0749 


90 


138-1719358 


11 


7-601 1557 


51 


66190 6450 


91 


140-130 9772 


12 


8-6a0 3370 


52 


67-906 6484 


92 


142-094 7650 


13 


9-794 2803 


53 


69*630 9803 


93 


144063 


14 


10-940 4084 


54 


71-363 3180 


94 


146-036 3758 


15 


12-116 4996 


55 


73-10U807 


95 


148 014 0994 


16 


13-320 6196 


56 


74-851 8G87 


96 


149-996 3707 


17 


14-551 0685 


57 


76-607 7436 


97 


151-983 1424 


18 


15-806 3410 


58 


78-371 1716 


98 


1^3-974 3685 


19 


17-085 0946 


59 


80- 142 0236 


99 


155-970 0037 


20 


18-386 1246 


60 


81-920 1148 


100 


157 970 0037 


21 


19-708 3439 


61 


83-705 5047 






22 


21-050 7666 


62 


85-497 8964 






23 


22-412 4944 


63 


87-297 2369 






24 


23-792 7057 


64 


89-103 4169 






25 


25-190 6457 


65 


90-916 3303 






26 


26-605 6190 


66 


92-735 8742 






27 


28-036 9828 


67 


94-561 9490 






28 


29-486 1408 


68 


96-394 4579 






29 


30-946 5388 


69 


98-233 3070 






30 


32-423 6601 


70 


100-078 4050 






31 


33-915 0218 


71 


101-929 6634 






32 


35-420 1717 


72 


103-786 9959 






33 


36-939 6857 


73 


105-650 3187 






34 


38-490 1646 


74 


107-519 5505 






35 


40-014 2326 


75 


109-394 6117 






36 


41-570 5351 


76 


111-275 4253 






37 


43-138 7369 


77 


113-1619160 






38 


44-718 5205 


78 


115-054 0106 






39 


46-309 5851 


79 


116-951 6377 






40 


47-911 6451 


80 


118-854 7277 
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INDIAN STANDARDS 

ON 

QUALITY CONTROL, SAMPLING AND OTHER STATISTICAL TECHNIQUES 



IS: 

397 ( Part I )-1972 Method for statistical quality control during production: Part I 
Control charts for variable {first revision ) 

397 ( Part II )-1975 Method for statistical quality control during production: 
Part II Control charts for attributes and count of defects {first revision ) 

1548-1969 Manual on basic principles of lot sampling 

2500 ( Part I )- 1973 Sampling inspection tables: Part I Inspection by attributes and 
by count of defects (first revision ), 

2500 ( Part II )-1965 Sampling inspection tables: Part II Inspection by variables for 
percent defective 

4905-1968 Methods for random sampling 

5002-1969 Methods for determination of sample siie to estimate the average quality 
of a lot or process 

5420 ( Part I )-1969 Guide on precision of test methods: Part I Principles and 
applications 

5420 (Part II )- 1973 Guide on precision of test methods: Part II Intcr-laboratory 
testing 

6200 ( Part I )-1977 Statistical tests of significance: Part I |x /, normal and F tests 
( first revision ) 

6200 ( Part II )-1977 Statistical tests of significance: Part II a^-test (first revision ) 

7200 ( Part I )-1974 Presentation of statistical data: Part I Tabulation and sum- 
marization 

7200 ( Part II )-1975 Presentation of statistical data: Part II Diagrammatic Repre- 
sentation of data T 

7300 1974 Methods of regression and correlation 

7600-1975 Analysis of variance 

7920 ( Part I )-l976 Statistical vocal^ulary and symbols: Part I General statistical 



7920 ( Part II )-1976 Statistical vocabtilary and symbols: Part II Terms used in 
sampling and process control^ 




INTERNATIONAL SYSTEM OF UNITS (SI UNITS) 



Bas« Units 






Quantity 


Unit 


Symbol 


Lenoth 


metre 


m 


Mass 


kilogram 


kg 


Time 


second 


s 


Electric current 


ampere 


A 


Thermodynamic 


kelvln 


K 


temperature 






Luminous Intensity 


candela 


ed 


Amount of substance 


mole 


mol 


Supplementary Units 






Quantity ' 


Unit 


Symbol 


Plane angle 


radian 


rad 


Solid angle 


steradian 


sr 


Darlved Units 






Quantity 


Unit 


Symbol 


fores 


newton 


N 


Energy 


loule 


J 


Power 


watt 


W 


Flux 


weber 


Wb 


Flux density 


tesia 


T 


Frequency 


hsrtz 


Hz 


Electric conductance 


siemene 


S 


Electromotive force 


volt 


V 


Pressure, stress 


pascal 


Pa 



Oaflnition 





H - 1 kg.m/s» 




J - 1 N.m 




W - 1 J/B 




Wb - 1 V.S 




T - 1 Wb/m» 




Hi « 1 e/s (s-^) 




S - 1 A/V 




V « 1 W/A 




Pa - 1 N/m* 



INDIAN STANDARDS INSTITUTION 

Manas Bhavan, 9 Bahadur Shah Zafar Uarg, NEW DELH1 110902 

Telephones i 99 99 91, 97 91 31 Telegfams % ilanal(Sanst^a 



Ragional OtPcaat 

Western i Novelty Chambers, Grant Boa9 
Eastern | 5 Chowrlnghee Approach 
Southern i C. L ?• Campus, Adyai 

Branch Offlcaat 

Tushpak'i Nufmohamed Sha4kh Marg, iChanpui 

*F * Block, Unity Bidg, Narasimharala SqMrni 

Gangotri Compisx, Bhtfdbhada Bead, T. T. Nagar 

22E Katpana Area 

Ahlmsa Bidg, SCO 82-83, Ssctor 17C 

9*8-56C L. N« Gupta Marg 

R14 Yudhister Marg, C Scheme 

117/418 B Ssrvodaya Nagar 

Patllputra Industrial Estate 

Hantex Brdg 1 9in4 Floor ), Biy Statlen Road 



BOMBAY 400007 
CALCUTTA 700079 
MADRAS 000020 



Tslophons 

87 97 29 
27 00 90 
41 24 49 



AHMADABAD 330001 2 03 91 

BANGALORE S60002 2 70 49 

BHOPAL 402003 6 2710 
BHUBANESHWAR 78101 4 5 90 27 

CHANDIGARH 160017 2 83 20 
HYDERABAD 800001 28 10 93 

JAIPUR 302008 69832 

KANPUR 208008 819^n 

PATNA 800013 «2909 

raiVANDRUM 999H1 99 97 
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